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ABSTRACTS

Effects of Alongshore Variations in
Coastline Geometry and Bottom
Topography on Coastal Flows

THE ROLE OF HEADLAND WIND JETS IN THE
ANNUAL CYCLE OF THE CALIFORNIA CURRENT
SYSTEM
Robert L. Haney (Dept. of Meteorology, Naval
Postgraduate School, Monterey, CA)

Mountainousheadlandsalong the west coast of

North America distort the atmospheric boundary
layer airflow, producing patches of enhanced
upwelling and downwelling favorable winds

downstreamof each headland (D. Rogers, pers.
comm.; see also Enriquezand Friehe, JPO 1995).
The effects of such headland-induced wipatches
on the coastal ocean circulation are studied by

meansof two long-term simulationsof the annual
cycle in the California Current (CC) using the

DieCAST regional model (e.g., Dietrich, DAO in

Press). One of the simulations uses aclimato-

logical annual cycle of wind stress forcing

(Hellerman and Rosenstein JPO 1993), while the

other simulation includes aadditional wind stress
enhancementear each coastal headlandthat is

representativeof that observed. Usingclimato-

logical forcing, the model reproducesnany ofthe

main featuresof the observedannual cycle of the

CC (Strub and James,JGR submitted) including

the separationof the coastaljet from the coastin

late summer and its replacement by poleward
currents near shore imutumnand winter. Coastal
eddies form primarily off the major headlands,
especially Cape Mendocino and Poitena. The

surface eddy kinetienergyis in the rangeof that
observed and it undergoasseasonalcycle with a

phasethat varies with distancefrom shoresimilar

to that observed(Kelly et al., JGRsubmitted).
The additional wind forcing by theheadlandwind

jets produces both local and remote changethe

above annual cycle, and these will be presented
and discussed at the meeting.

ON THE EFFECTS OF COASTLINE |IRREGULARITIES IN
EBCs
Mary L. Batteen, Eric J. Buch, and Ming-Jer
Huang (Dept. of Oceanography, Naval
Postgraduate School, Monterey, CA)

A high-resolution numerical model is uséal study
the effect of coastline irregularitiesin the wind-
driven California Current System(CCS) and the
Portugal Current System (PCS) and in the
thermally driven Leeuwin Current System (LCS).
In the CCS andPCS, irregularities in the
coastlinegeometryare shown to be@mportant for
anchoringupwelling and filaments, as well asfor
enhancingthe growth of filaments and eddies.
Cyclonic eddies tend to form in the coastal
indentations in the vicinity of capes, while
anticylclonic eddiestend to form in thecoastal
indentations between capes. In the CCS, the
region of Cape Blanco is identifiegls thelocation
where the coastal, equatorwardflow off Oregon
leaves the coast, while in the PCS, the coastal
equatorwardflow leaves the coast near Cabode
Sao Vicente, where thePortugal Current changes
direction. In the LCS, maximum curremelocities
occur at Cape Leeuwin, where the Leeuwin
Current changes direction, while offshoots,
anticyclonic meanders and eddies occur at
preferred locations: in the vicinity of coastal
indentations, and at Cape Leeuwin. Cold,
cyclonic meanders and eddies fofrom the limbs
of the warm, anticyclonic eddies, and propagate
westward with the anticyclonic eddies as eddy
pairs.

LAYERED MODELS OF COASTAL JET SEPARATION AT
CAPEBLANCO
Andy Daleand Jack Barth(College of Oceanic
and Atmospheric Sciences, Oregon State
University, Corvallis, OR)

During 1994 and 1998&xtensiveobservationsvere
made of the current and density structure of the
upwelling jet off the Oregon coast. The
equatorward jeis establishedfollowing the spring
transition when winds become predominantly
upwelling favorable. Early in the upwellingeason
the jet remainsattachedto the coastas it rounds
CapeBlanco (e.g. May 1995). Later, as its total
transport increases, it may meander and form
eddies (e.g. August 1994) eeparateentirely from



the coast at the Cape, continuing south in deep
water (e.g. August 1995).

There hasbeenmuch work onlayered models
of inertial currents with alongshore uniformity
assumed. Of particular relevancehere arecases
where multiple structuresexist that are consistent
with one anotherin terms of their transportand
potential vorticity structure in each layer. One
such structure could conceivably distort into
anotherby passingthrough a region ofcomplex
dynamics (such as close to Cape Blanco). The
analogy with the Cape Blanco observationsis
clear when such a transition is froam attachedto
a separatedstate. This is effectively a hydraulic
control mechanism.

Woods (1988) has shownthat multiplicity of
structurescan occur in a case with a flat bottom
and idealised potential vorticity structure.
However, multiple structuresonly occur when the
layer transportslie in a very restricted range.
Results will be presentedof Woods' model with
the addition of bottom topography,which greatly
increasesthe rangeof layer transportsthat permit

multiple structures. Further calculations have been

made using observed potential vorticity
distributions and realistic topography ftire region
of Cape Blanco.

The addition of coastline curvature is a
relatively straightforwardmodification to the two-
dimensional problem. It leads to a distortiontloé
cross-shorestructure of the current and in some
casescausesa layer interface to outcrop atthe
surface. Such a process may initiate the
separationof a jet or its transition to a second
structure. The effect of coastline curvature has
been calculated for the upwelling jet in its
attached state north of Cape Blanco.

BIOLOGICAL IMPLICATIONS OF THE EFFECTS OF
ALONGSHORE  VARIATIONS IN COASTLINE
GEOMETRY AND WEEKLY FLUCTUATIONS IN
UPWELLING WINDS ON COASTAL FLOWS
Louis W. Botsfordand Lance Morgan(Dept. of
Wildlife, Fish and Conservation Biology,
University of California, Davis, CA)

Temporal and spatial patterns in coastal
circulation can have a dominant effect on
harvestedpopulations, especially through effects
on planktonic larvae in the spring. Alongshore
variations in topographylead to larval retention
zones, such asupwelling shadows,which allow
populationsto persistin spite of equatorwardand
offshore flows. Relaxations in upwelling winds
redistributeretainedlarvae in specific alongshore
patterns. In this paper we shdww these patterns
affect the northern California red sea urchin
fishery. Alongshoredifferencesin frequency of
recruitmentalong the coastlead to differencesin

fishery productivity, tolerable effort, and apparent
harvest rate.

BIFURCATION OF A COASTAL CURRENT AT AN

ESCARPMENT
George F. Carnevale (Scripps Institution of
Oceanography,La Jolla, CA), F. Crisciani
(National ResearclCouncil, Trieste, Italy), S.G.
Llewellyn  Smith  (Scripps Institution  of
Oceanography,La Jolla, CA), and R. Purini
(Institute for Atmospheric Physics, Rome, Italy)

An exact analytic solution to the problem of

stationary quasi-geostrophiccoastal flow over a
stepis presentedAn approximatesolution to the

shallow water problemis also presented. These
solutions show that the flow behaves very

differently dependingon whetherthe geometryis

'right-handedor 'left handed,' independentof the

direction of flow of the coastal current. This
handednessis defined such that 'right-handed'
meansthat the coastis on the right wherooking

from deep to shallow (ithe northernhemisphere).
Itis shownthat only in the right-handedgeometry
is it possibleto obtain a steady offshore current
along the step. Thanmplications of theseanalytic
stationarysolutions for the dynamically evolving

coastal flow over a step are examined through
simulations of quasi-geostrophic flow. The

relevanceof this work is discussedin light of

recent results from laboratory experiments.

SUBTIDAL  CURRENTS OVER THE CENTRAL
CALIFORNIA SLOPE EVIDENCE FOR SPATIAL AND
TEMPORAL VARIATIONS IN THE UNDERCURRENTAND
FOR LocAL WIND-DRIVEN CURRENTS OVER THE
OUTER SLOPE
Marlene Noble (U.S.Geological Survey, Menlo
Park, CA) and Steve Ramp (Office of Naval
Research, Washington, D.C.)

In February, 1991, an array of 6current-meter
moorings wasdeployed for one yearacrossthe
central California outer shelf arglope. Themain
line of the arrayextended30 km offshore ofthe
shelf break, out to water depthsof 1400 m. A
second, more sparsely-instrumentedline that
extended14 km offshore of the shelbreak was
located 30 km northwestof the main line. This
northern line spanned water depths simt@ithose
along the main lindbecausethe bottom slope was
much steeper. A strong, surface-intensified,
poleward flow with speeds up #0 cm/s was seen
along both lines of the moored array dotenwater
depths of 800 m. This spatially-coherent flow
representsthe California Undercurrent over this
region of the slope. Ingeneral, the strong
alongslope currents seen crossthg southernline
were weakeror absentat the northern line. We

suggest that topographic constraints tended to force



the energeticundercurrenffshore of the northern
measurementsites; the slope of the topography
steepedtoo abruptly to allow the strong flow to
follow isobaths. When currenelocities lessened,
the undercurrentcould follow the isobathsand a
coherent flow pattern was seen across bioths in
the array. Theaundercurrentvas notaffected by
local winds or byfluctuations in the alongshore
pressure-gradientA strong seasonalpattern was
also not evident. However, the alongshelfwind
did force local surfacecurrentsto flow along the
slope, parallel to the wind fieldjown to depthsof
400 m and out talistancesof 2 Rossby radipast
the shelf break. Wind-driven currenigere weaker
than flows in the undercurrent, 3-4 cm/s per
dyne/cm2 wind stress, but were comparable to
wind-driven currentamplitudesseenover the mid
shelf, 5-6 cm/s per unit wind stress. Equatorward
alongshelfwinds also causedwater from 200-300
m over the slope to upwell onto the shelfand
surface water to move offshore.

BOUNDARY RESPONSES OF A NESTED SANTA
BARBARA CHANNEL MODEL
David E. Dietrich and Avichal Mehra (MSU
Centerfor Air SeaTechnology,MS) and Robert
A. Hale (Dept. of Meteorology, Naval
Postgraduate School, Monterey, CA)

The Santa Barbara Channel (SBC) is modeled
using one minute (<2 km) resolution with an
improved low dispersionDieCAST ocean model.
Time dependentopen boundaryconditions are
prescribed from dive-minute resolution California
Current (CC) DieCAST model simulation. The
nesting strategyis simple but effective. With a
single coarse grid interval overlap, no spotager
is needed. The strongly transient CC model
coastal jet responseto observedsemi-permanent
40 km wind jets off the CC headlandsleads to
similarly strong SBC model response. Animated
results show: much small-scale eddy activity,
including jet spurts around edgestbe SBC basin
and Channel Islands; significantly ageostrophic
dynamics in the surface layer and in shgrpdient
regionsbelow; major eddy growth isappropriately
correlated with a clearly visible divergent flow
component; and simulated Lagrangian tracer
particle trajectoriesare stronglyaffected by time
variations in the SBC flow.

CoLUMBIA RIVER ESTUARY AND PLUME DYNAMICS
UNDER VARYING RIVER AND OCEAN CONDITIONS:
INSIGHTSFROM AN EMERGING NOWCAST-FORECAST
SYSTEM
Antonio Baptista, Salil Das, PhilipPearson,
Mike Wilkin, Cole McCandlish, Paul Turner,
David Jay, Ming Qiand Neetu Nangia(Center

for Coastaland Land-Margin Research,Oregon
Graduate Institute, Portland, OR)

Novel nowcast-forecastsystems are posed to
provide significantinsights on estuarinedynamics.
As an early proof otoncept,we are using CORIE
(Baptista et al. 1997), an emerging nowcast-
forecast system for the Columbia River, to
investigate the sensitivity of the baroclinic
circulation in the Columbia River estuary and
plume to varying river and ocean forcing.

The first part of thepresentationwill briefly
review the status and functionality of CORIE.
Active components include a real-tintata acqui-
sition and managementsystem with both moored
(http://www.ccalmr.ogi.edu/CORIE/network) and
vessel-based (http://www.ccalmr.ogi.edu/CORIE/-
cruises/) monitoring capabilities, and a range of
hydrodynamic and transport numerical models
based on unstructured gridgodels have beenrun
primarily in hindcast mode, but early forecastsl
also be presented.

The secondpart will concentrateon the joint
interpretation of field data and early modeling
results for selected month-long periodsli®96 and
1997. Focus will be on the varying dynamiesth
river and ocean conditions, of the circulation and
density structure of the lower estuary and
(modeling only) of theplume. Issues gparticular
interest are laterabxchangemechanismsbhetween
the northand southchannels,eddy patternsin the
bar and theplume, and extent and orientation of
the plume.

MONITORING COASTAL UPWELLING FROM THE
CALIFORNIA SURFZONE
Alex van GeenR. Takesue,and M. Sapanara
(Lamont-Doherty Earth Observatory of Columbia
University, Palisades,NY) and S. R. Connolly
(Biology Department, Stanford University)

Nutrient and salinity sampleswere collected from
the surfzone every month from March 1986ough
May 1997 at ninelocations, betweenSan Simeon
(35.5 N) and Cape Mendocino (40.4), selected
for a study ofbarnacle and mussel recruitment
dynamics. The overall pattern of variations in
nutrient concentrationsn the surfzone appearsto
be remarkablyconsistentwith large-scaleforcing,
both temporally and spatially. The annual ramfe
nitrate concentrationvaried from 4-19 pM at the
southernend of the transectto 6-34 uM at the
northern end. Thextrema were reachedin late
winter and late spring, respectively. The spring
transition of 1997precededthe springtransition of
1996 by about two months. Annually averaged
concentrationgyradually increasedover the ~500
km length of the transect from 96 pM at San
Simeonto 22t11 yM at Cape Mendocino. This
patternis consistentwith climatology showing a



general decline in the intensity of equatorward
winds south of Cape Mendocino during the
upwelling season.

These observations raise some questions
regarding the processes that control surfzone
nutrient concentrations. Maximum nitrate (34
uM), silicate (51 uM), and phosphate(2.5 uM)
concentrationghat were measuredare consistent
with the composition of subsurfaseater at 300 m
depth, ~100 km from thecoast. How does this
water mass reach the surfzone if surface water
nutrient concentrationsover the shelftypically do
not reach such elevated levels? Local wind
forcing is highly variable on diurnal to weekly time
scales. Why does thecomposition of surfzone
water appear to be determined by forcing on
spatial scales on the order of 1R& andtemporal
scaleson the order of anonth? On the basis of
the chemical tracer data, we propose gattern of
onshore bottonflow that originatesat the edge of
the continental shelf and extends as far asthe
surfzone, even when local wind forcing is
relatively weak. Thisirculation patternwould be
consistent with the apparent buffering of
fluctuationsin the composition of surfzonewater
relative to local changesin wind forcing and
coastaltopography. Is this ghysically plausible
explanation?

INTERNAL SOLITARY WAVES ON A SHALLOW SHELF
Dariusz. Bogucki and L. G. Redekopp(Dept. of
AerospaceEngineering, University of Southern
California, Los Angeles, CA)

Remote sensing afceanic watersabovethe shelf
region in recent years hasvealedthat packetsof
propagatinginternal solitary waves (ISWs) are
common, frequentand prominentfeatures. It is
becoming clear that these ISWs also have an
important dynamic effect on the vertical mixing
occurringin the water column, evento the extent
that they can suspend and transport benthic
sedimentary material, yielding vertical diffusion
coefficients as high as #0In this presentationwe
will report on direct observationsof significantly
increased concentration of sedimentary
particulates in the water column following the
passage of apacketof ISWs propagatingalong a
strongly stratified bottom layer on the California
shelf. We will also describe studies of some
modeling efforts, which showsignificant promise
for providing an understandingof a mechanism
wherebyISWs act as efficient sourcesof mixing
within the benthic boundary layer. Onemech-
anism for which we have definitive results involves
a topographicresonancebetween coastal currents
and bottom topography, giving rise IBW packets
which propagate against the oncoming curremd
create a boundary layer structure in foetprint of

the packet whose spatio-temporal coherence
providesa efficient “bottom pump.” Othercases
are concerned with the footprint tfrge amplitude

waves containing recirculating eddies and the

reflection of long wavesfrom the sloping bottom.
In each case the imprint dfie ISW packeton the

bottom boundary layer is favorable for benthic

resuspension.

Optical Properties and Processes of the
Eastern Pacific

OpPTICAL EFFECTS OF A NEAR-SHORE |INTERNAL
WAVE
RobertA. Maffione (Hydro-Optics, Biology, and
Instrumentation Laboratories, Moss Landing,
CA)

One of the moreprominent and complex bays
along the easternrim of the Pacific is Monterey
Bay, which extend€l0 km wide at the mouthnd
extendsinland approximately20 km, covering an
area of about 800 square km. During thpwvelling
season, which generally lasts from March to
September, nutrients are advected itlte bayvia

a counterclockwise currerdriven by thesoutherly
California current, and also by upwelling and
shoaling of on-shore currentsrough theMonterey
SubmarineCanyon. These upwelling circulation
patternsdrive intense phytoplanktonblooms with
often highly complex spatial distributions within

the Dbay. Their vertical distributions are
particularly interesting becausethey often form
thin, yet dense scattering layers. Using a
submersible remotely-operated vehicle instru-
mented with several types of sensfos measuring
inherent and apparent optical properties, as wasll|
temperature salinity, and pressure,we were able

to record themodulation of an optically dense
scattering layer by an internal wave. This event
was recorded during the morning of Augusib5,
1995, at the location 36° 55.074 min. W, 122° 0.221
min. N. Bottomdepthwas 30 m, and thaverage
depth of the scattering layer was approximately
m., oscillating between 5 and 10 m, peak to trough.
The fundamentalperiod of theinternal wave was
varied between 15 and 18 minutes (thexillations
were clearly notpurely harmonic). Theseinternal
wave parametersmatched the calculations from
both the optical measurementsand density
measurements. At a fixed depth, modulation of the
scattering layer caused changesthie 10P’s byas
much as 180%, most notably theam attenuation
coefficient in the spectral range from 440 to 590
nm. Curiously, however, the largest percent
changes were seen in the upwelling radiance in the
blue-green spectral range. At 590 nm, for



example, the upwelling radiance changed
periodically by a maximum of 300%. Radiative
transfer calculations using Hydrolight revealtxht
the optical effects of this internal wave could
easily have been detected and charactertaedn
airborne hyperspectralradiometer. The periodic
changesin the water leaving radiancescausedby
the internal wave modulation were between 7%
and 20%, depending upon wavelengiid viewing
angle.

THE VARIATION AND DEPENDENCE OF OPTICAL
PROPERTIES ONHIGH FREQUENCY INTERNAL WAVES
IN A NEAR-SHORE ENVIRONMENT
Kieran O'Driscoll, W. Scott Pegaand Thomas
M. Dillon (College of Oceanicand Atmospheric
Sciences,Oregon StateUniversity, Corvallis,
OR)

A preliminary analysis is presently being
conductedon data collected close to shore during
the LOE (Littoral Optics Experiment) of October
1995. The data was collected from 17 sites @ver
period of 11 days. Th@strumentarray included
CTD and ac9's. These sites cover an afeabout
4 km squared,close to shore atOceanside,CA.
The stations vary in depth from about 6ton35 m.
Initial analysis of thedata set shows a very strong
correlation betweenthe optical propertiesand the
physical properties attainable from the CTD,
particularly density and temperature.  This
presentation shows various observaticosrelating
physical and optical properties within the
pycnocline and particularlyn the nepheloidlayer.
The main mechanism being presentedfor these
correlationsis the propagationof high frequency
internal waves. Preliminary results relating
variability of optical properties with other physical
parameters and their relation to intermedvesand
other forcingmechanismsare presented. We also
present results showing the effects of these
internal waves on the optical field as they
propagate from stratifiefoffshore) watersinto the
shallow homogeneous surf zone.

RAPID, HIGH-RESOLUTION, OPTICAL AND HYDRO-
GRAPHIC SURVEYS USING SEASOAR
Jack Barth, Darek Boguckiand P. Michael
Kosroh (College of Oceanic and Atmospheric
Sciences,Oregon StateUniversity, Corvallis,
OR)

As part of the Coastal Mixingnd Optics program,
optical attenuation and absorption data were
collected togetherwith CTD data using SeaSoar
from 14-August tol-Septemberl996 and from 25-
April to 15-May 1997. The study regiowas
centeredon 40.5° N, 70.5° W on theontinental
shelf south ofCape Cod, Massachusetts. The
water column was sampled from the surface to

within 10 m of thebottom by towing SeaSoarat 8

kts so that horizontal resolutialmngedfrom 1/3 to

1 km. Attenuationand absorptionwere measured
continuously at nine wavelengths using a
WETLabs ac9 mountedon SeaSoarwith the ac9

intakes located in close proximity to dual-sensor
SeabirdCT sensors. A briefeview of technical
details concerningthe production of high-quality

optical data using anac9 on SeaSoar,e.g. time-

dependentlagging of optical and physical data,

will be presented.

Three mapping strategies were employed during
both the summer and springcruises: large-area,
70x80 km shelf-slope surveys todefine regional
distributions;small-area25x25 km boxesentered
on a moored array in 70-m efater and also the
location of concurrentvertical profiling conducted
from a second, stationary researchvessel;and a
butterfly survey patternwith a leg along the 70-m
isobathto define scales of variability alongshore.
The optical propertiesof major water massesand
the spatialdistributionsof those propertieswill be
discussedin relation to mesoscalehydrographic
and velocity features. The verticsiructureof the
optical fields and horizontal variability of that
structure will be relatedo physical characteristics
of the water column. For thesummer 1996 data,
emphasiswill be placed on: 1) distributions of
chlorophyll at the base of the pycnocline; 2)
patternsof near-bottomsuspendedsediment; and
3) the optical and physical signature of large-
amplitude internal solitons. For the spring 1997
data, the emphasiswill be on changesin water
column physicsand optics due to surface forcing
and advection.

Bio-OPTICS AND REMOTE SENSING OFA MASSIVE
RED TIDE OFF SOUTHERN CALIFORNIA
Mati Kahru and B. Greg Mitchell (Scripps
Institution of Oceanography, La Jolla, CA)

Bio-optical characteristics of a massived tide in
March, 1995 offSouthernCalifornia are compared
to a“baseline” of a large data set of bio-optical
measurementsfrom the California Cooperative
Fisheries Investigations (CalCOFI) covering the
Southern California Bight. The red tide was
initially  dominated by a dinoflagellate
Lingulodinium (Gonyaulax) polyedra but was
replaced in April by ehetero-trophicdinoflagellate
Noctiluca scintillans. The redtide phytoplankton
had unusually strongbsorptionin the 300-400 nm
spectralrangeand apractically linear increasein
the absorbancewith the increaseof chlorophyll a
concentration(chl-a) of 2 orders of magnitude
(from 1 to 150mg m?®). It is shownthat this type
of red tides can beemotely detectedby usingthe
increased absorption and thus reduced remote
sensing reflectance (Rrs) in the 300-400 nm



spectralrange. Theanomalouslyhigh ultraviolet
(UV) absorptionwas causedby the mycosporine-
like amino acids (MAAs) that are believed to
provide photoprotectionagainst UV light. The
difference in Rrs of the redtide and “normal”
California Current phytoplankton diminished
regularly with increasingwavelengthfrom 340 to
443 nm. Ratios of Rrs at 340 nm and 412 nfor
340 nm and 443 nm) provided thebest

differentiation of the red tide stations dominated by

dinoflagellates from the “normal” CalCOFI
samples, usually dominated by diatoms at high
chl-a. Using Rrs (380nsteadof Rrs (340) in the
reflectance ratio waslmostas good inseparating
the redtide at chl-a levels > 2 mg m-3 butwas
inferior at lower chl-a. Theobservedincreasein

absorptionby the dissolved organic materials in

the red tide was relatively less important compared

to the huge increase in particulate absorptidre
Japanese Global Light Imager (GLI) sensor
scheduled for launclon the ADEOS llplatformin

1999 has, among others, the wavelengthband at
380 nmthat has notbeen available on any other
ocean color satellite. If the signal mwise ratio of

the 380 nm band isadequate and atmospheric
correction can be done toretrieve the dynamic
rangeof the water leaving radiancethen it might
be possible to use either Rrs(380)/Rrs(412)or

Rrs(380)/Rrs(443) to detect red tides. The
presenceof the 380 nmband, combined with the
250 m spatial resolution, makes the GLI a
potentially powerful tool for monitoring coastal
zones for harmful algal blooms.

SPECTRAL RELATIONSHIPS OF THE INHERENT OPTI-
CAL PROPERTIES IN THE CENTRAL GULT OF
CALIFORNIA
W. Scott Pegau, Andrewd. Barnard, and J.
Ronald V. Zaneveld (College of Oceanic and
Atmospheric Science§regon StatdJniversity,
Corvallis, OR)

We have collected opticalata during two cruises
in the CentralGulf of California. We investigate
the similarities and differences of the spectral

shape of the inherent optical properties 0P for the

two sampling seasons. We then compare the
spectral signaturesassociatedwith the Gulf of
California to data collected from other regions to
determine the need for regional and seasonal
models of the IORor inversionof remote sensing
data. We find differences in the range of
magnitude IOP collected duringach cruise, with
some differences in the spectral shape. The
spectral relationship of the particulate material
also differs from other regions of the woddeans.
The differences between the local and global
spectral relationships providen indication of the

important types of particles in this regiorgnd the
usefulness of regional models of the IOP.

WHAT DO TRANSMISSOMETERSC?
JamesK. Bishop (School of Earttand Ocean
Sciences, University of Victoria, Victoria, B.C.)

We have investigated the relationships between
beam attenuationcoefficient, C, at 660 nm using
Sea Tech transmissometerand particulate matter
concentrationsdetermined by the Multiple Unit
Large Volume in-situ Filtration  System
(MULVFS) during simultaneous casts. The
MULVFS permits collection of particles, split in-
situ into >53, 1-53 and <1 umize classes,from
volumes of seawaterup to 16,000 L. Samples
have been analyzed fal major, minor andtrace
particulate matter constituents. Our analysis of
resultsfrom the equatorial Pacific, NW Atlantic,
and subpolar NE Pacific shows that beam
attenuation coefficient and particulate organic
carbon, POC, are the best correlated of all
particulate matter properties. The relationship
appearsto be virtually independent of ocean
environment, season, or depth sampl@dr results
suggestthat the transmissometercan provide a
guantitatively useful estimate of POC to better
than 10%accuracy and systematically to better
than a few percentThis opens the opportunitpr
deploying transmissometersrom platforms other
than ships tocharacterize the high frequency
(diurnal and longer timescales) variability of

particulate organic carbon within the upper layer of

the ocean. Furthermore,we have provided an
improved basidor interpretationof a vast body of
beam attenuationcoefficient measurementsnade
in the oceansover the past two decades.The
universality of the C vs. POCrelationshipis not
yet fully understoodand will be explored in
ongoing analysisof MULVFS dataand as partof
efforts to collect new MULVFS samples from polar
seas.

THE HYPERSPECTRAL REMOTE SENSING TECHNO-
LOGY PROGRAM
Curtiss O. Davis and Paul W. Bissé@tode 7212,
Naval Research Laboratoy, Washington, D.C.)

A wide variety of applications of imaging
spectrometryhave been demonstratedusing data
from aircraft systems. Based on this experience
we have developedrequirementsfor a satellite
imaging spectrometeisystemto best characterize
the littoral environment, for scientific and
environmentalstudiesand to meet Naval needs.
This paper describesthose requirementsand the
resulting  Hyperspectral Remote  Sensing
Technology (HRST) program. The HRST
spacecraft has a Coastal Ocean Imaging
Spectrometer(COIS) with adequatespectral and



spatial resolution and high signal to noise to
provide long termmonitoring and real-time char-
acterization of the coastal environment. It
includes on-board processing for rapid data
analysis and data compression,a large volume
recorder,and highspeeddownlink to handle the
required large volumes of data. Arimary goalof
the HRST program is talevelop high resolution
coupled physical bio-opticahodels of the coastal
environment using the COIS data for the
development and validation of those models.

THE NRL COBALT PROJECT
John C. Kindle (Code 7331, NavaResearch
Laboratory, Stennis Space Centéts), Paul W.
Bissett, and Curtis®©. Davis (Code 7212Naval
Research Laboratoy, Washington, D.C.)

This presentation provides a brief description of the
modeling components of the new NRL ARI
“Coupled Biophysical-dynamics Across the
Littoral Transition” (CoBalt). The primary
objective of projectis to understandthe physical
dynamical influences on the biodynamical
processesand optical properties of the North
Pacific easterrboundarycurrentregime. The two
major components of the proposed studyare
numerical modeling and remote sensing. The
ocean circulation models wilbe: 1) thePrinceton
West Coast (PWC) model currently being tested
for operationaluse at FNMOC and 2) the NRL
layered model with a grid resolution of 1/8th to
1/16th degrees. The PWC model is a sigma
coordinateformulation that extendsfrom 30° N to
49° N and from thecoastto 135° W with a grid
resolutionof 1/12 degrees. The model utilizes 30
levels in the vertical to resolve the surface and
bottom boundary layers ovéhe shelf. Themodel
also includes monthly varying, fresh water runoff
from sevenrivers that impact the model domain.
The PWC model is embeddedwithin the NRL
global 1/4 degree layered model from which it
receivesits boundaryconditions;this provides for
the inclusion of externally forced events such as
upstreamvariations of the California Current and
Kelvin waves excited along the west coast south of
the model domain and in the equatorial regions.
Multi-component bio-optical models will be
incorporatedinto the two complementaryocean
circulation models. The bio-optical components
will extend the recent work of Bissett, et §1.994,
97). The Bissett, et al. (1997) bio-optical modkel
a one dimensional ecologicalstemmodel which
models the dynamics of a size fractionated
phytoplanktoncommunity in responseto changes
in wind stress,light, grazing stress and nutrient
availability. Model outputs include full spectral
optical properties, such as upwelling radiance,
which can be directly compared to OCTS,

SeaWIFS,AVIRIS and PHILLSdata. The model
was developedand testedfor the openocean, but
includes large fast growing diatoms and grazers
that are characteristicof the coastal ocean, and
thus is ideally suited to this application. Key
guestions to be addressettlude: The importance
of variations in nutriensupply and lightlimitation
as afunction of coastal runoff, and therelative
importance ofcoastalupwelling, runoff and ocean
currentsin controlling phytoplankton growth and
ocean optical properties. The presentversion of
this model (EcoSim) is physically driven, and is
designed taake the output from a highesolution
physical circulation model as input toproducea
three dimensional ecological simulation and output
the resulting optical conditions.

The Subarctic Pacific

ON TOPOGRAPHYS ROLE IN CROSSSHELF-BREAK
EXCHANGE
Susan Allenand E. Eurin (Dept. of Earth and
Ocean Sciences, University Bfitish Columbia,
Vancouver, B.C.), Greg Holloway (Institute of
Ocean Sciences, Patricia Bay, B.C.)

Potential vorticity conservation places a strong
constraint on low-frequency flow to follow
bathymetric contours. Steep gradieonfsplanetary
f/H near shelfbreak are partially responsiblefor
minimal cross-shelf-break exchange and the
associated along-shore fronts.  However, the
topographyof the shelf andslope is not uniform
along-shore and is, in many places, quite
convoluted. The variation of the topographymay
enhancecross-shelfexchangeunder upwelling or
downwelling favourable winds. It certainly will
determine the position and structure of this flow.

The effect of a singleanyonwill be discussed
to illustrate these two points. Thendiscussionof
the effects of random topographvariation will be
presented.

TIDAL SIGNAL REMOVAL AND SEA LEVEL CHANGE

IN THE NE PACIFIC OCEAN FROM 4 YEARS (OCTOBER

1992—-%PTEMBER1996) OF TOPEX/ROSEIDONDATA
M.G.G. Foreman, W.R. Crawford, and Josef Y.
Cherniawsky (Institute of Ocean Sciences,
Sidney, B.C.)

Much of the sea level variability in the
Topex/Poseidon (TP) altimeter datadse totidal
signals, aliased with 10-day satellite orbit repeat
period. TP sea-level data, distributed by the
NASA GSFC Pathfinder project (http://neptune.-
gsfc.nasa.gov/~krachlin/opf/descriptions.html)or
from other sources, undergo state-of-the-artgeo-



physical corrections. These include ocean tide
removal (the largest of the standard corrections)
using a global tidal model (Schramaand Ray,
JGR, 99, 24799, 1994fsupplementedat high-
latitudes with the FES94.1 model (LeProvost et al.,
JGR, 99, 24777, 1994).

Theselarge scale modelsdo a reasonablejob
of removingtides in the deepocean,but theyare
not adequate in shallow seasghich usually shows
up assignificant intra-seasonakignal at about 60
day period near the boundarie®Ve attemptto do
a more accurate tidal calculation and removal
from the TP sea-level data using harmonic
constants calculated from TP data alone.
Comparisonto the standardPathfinder sea level
shows that these enhancementsresult in much
smaller tidal residuals.

The corrected TP data showganeraldecrease
in sea-level in NE Pacific during thiéyear period
and significant seasonal and interannual
variability. Such data are naivailable from other
sources, except for coastal tide gauges.

How Do FE AND N LIMITATION DIFFER IN THEIR

CONTROL OF PRIMARY  PRODUCTION AND

PHYTOPLANKTON COMPETITION
Paul J. Harrison (Dept. of Earth and Ocean
Sciences, University of British Columbia,
Vancouver,B.C.), Philip Boyd (NIWA,Dept. of
Chemistry,University of Otago, DunedinNew
Zealand),and Diana Varela (Dept. of Earth and
Ocean Sciences, University Bfitish Columbia,
Vancouver, B.C.)

The focus ofbiological oceanographicstudiesin
the subarcticNortheastPacific has beenat Stn P
(50° N, 145° W) andhlong line P (a transectfrom
the coast of Vancouver Island to Stn P) foe last
4 decades and during this period, basic
measurementsof T, S, nutrients, chl, primary
productivity and zooplanktonwere made. In the
1980s theSUPER project focussedon Stn Pand
made more detailed measurementof the photic
zone biology. For theast5 years,Phasel and Il
of CJGOFShas made 13 cruisesalong line P to
Stn P andbroadenedthe biological coverage to
include winter cruises, Fe limitation, size-
fractionated primary production, microzooplankton,
heterotrophic bacteria, extensive mid water
column studies on the microbifdop, particle flux
and remineralizationand sediment trap samples.
Therefore, the station P area is the most
intensively studied high nitrate low chlorophyll
(HNLC) areain the world. These historical (4
decades) and extensive (13 cruises) data sets
provide modellers with an unique opportunity to
make new advancesin our understandingof the
biogeochemistry of thearbonand nitrogencycles
in this Fe-limited area.

The coastal ocean is characterized by the
classical seasonalcycle of spring and falldiatom
blooms and primaryproduction is controlled by
nitrogen. Thefate of the phytoplanktonin this
region is primarly by sedimentationto depth by
large diatoms associatedwith the spring andfall
blooms and a recycling system (via
nanophytoplanktorand microzooplanktongrazing)
during other seasons.

The open ocean stations display low
seasonalityin biomass, and production and are
dominatedby small cells. The low seasonalityis
controlled by a shallow winter pycnocline
permitting close coupling year roundbetweenthe
nanophytoplankton and the micrograzers. Lioon
supply preventsthe occurrenceof diatom blooms
observedin the coastal ocean. The fate of
phytoplanktonin the openoceanis predominately
recycling through the microbial food web, with
relatively low sedimentation compared to the
coastal ocean. Therefore, theo distinct oceanic
regimes have different phytoplankton dynamics
resulting in different seasonality, algal community
structureand fates of the phytoplankton carbon.
These differences will strongly influence the
biogeochemical signatures of the coastal and open
oceanic NE subarctic Pacific.

INTERNAL TIDES IN THE COLUMBIA RIVER PLUME
AREA
David A. Jay (Center for Coastaland Land
Margin Research,Oregon Graduatelnstitute,
Portland, OR) and Barbara M. Hickey (Oceano-
graphy Dept., University ofVashington Seattle,
WA)

The buoyant plume of the Columbia River provides
strong and highly variable stratification that
supports aobustinternal tide. Observationsn the
estuary entrance show semidiurnal (D,) velocity
amplitudesof O(2 ms?) with internal amplitudes

of O(1 msh). Mean tidal current amplitudesdrop
within a tidal excursionof the mouth to 0.05 to
0.25ms?, still somewhatlarger than typical shelf
internal tides in the area. Continuous wavelet
transform (CWT) tidal analysis methods have been
used toanalyze acoustic Doppler current profiler
(ADCP), wind anddensity observationswithin the
plume area during the National Science
Foundation (NSF) supported Columbia River
Plume Experiment (winter 1990-91). Plume
internal tides are:

* highly non-stationary and episodic—major
river-flow events creatstratification to support
the internal tide, but the stormsthat precede
flow events destroy stratification through
mixing and advect the plume away from its
typical winter position (north along the



WashingtonCoast), within which most of our
instruments were situated.

e primarily first mode and stronglyon-linear—
D, currents are typically a factor of two three
larger than diurnal (D;) currents. Non-linear
overtides (terdiurnal or Pand quarterdiurnalor
D,) are 50-100% asarge D, currents,and 25-
50% aslarge as D currents. This strong non-
linearity reflects plumenternal tide generation
mechanisms.

e part of a dynamical continuum with the subtidal
rather than a series of spectrally discrete
processes at most timesd places.In addition
to the spectrally discrete, remote forcing of
internal tides, variations in windstress and
density occur on time scalesfrom 14 dto 1 d
with about equal energy. BecauseD, is both
weaker and closer (in frequency) to subtidal
motions, it is expectedto be relatively more
strongly modified by non-tidal processesthan
the D,, as is also seen in river tides.

Near theestuarymouth, D, and D internal tides
are in themeanphase-locked,as are R and D,
suggestingnonlinear generation. Thus, there are
several activegenerationmechanismsThe firstis
the usual shelf-breakone. Another is a top-to-
bottom tidal excursionof the density interface at
the estuarymouth. A third isbarotropic flow over
Astoria Canyon. Because flow in the estuary
entrance is super-critical at most stagdéghe tide
(internal Froude numbers ~1-10), the time-
evolution of the density interface is complex,
leading to nonlinear plume tides. The degreehte
two topographic mechanismscontribute to non-
linearity of plume internal tides is unknown.

INTERANNUAL VARIABILITY OF LIFE CYCLE TIMING
OF THE COPEPOD NEOCALANUS PLUMCHRUS IN
OCEANIC AND COASTAL WATERS OF THENORTHEAST
PAcCIFIC
David L. Mackas (Institute of OceanSciences,
Fisheries& Oceans,Sidney,B.C.), R. Goldblatt
and E. Bornhold (Dept. of Oceanography,
University of British Columbia, Vancouver, B.C.)

In both oceanic and deep coastal waters of the
North Pacific, copepodsin the genusNeocalanus
dominate the spring and early summer
mesozooplankton communityNeocalanusspecies
undergo a very strongeasonalvertical migration
that is closely linked to theidevelopmentalcycle.
In the upper 150 m at botBcean Station P (50°
N, 145 W) and in the Strait of Georgi@9-5¢ N,
123-125 W), the 30-50 dayannual peak of
mesozooplankton biomass has historically
coincided withmaximum surfacelayer abundance
of maturing Neocalanus plumchrus copepodites

(C4 and pre-migrant C5). We present evidefare
large amplitude and large spatial-scale shifts in the
timing of the N.plumchruslife cycle during the
past 25-30 years. At Oce&tation P, completion
of developmentto down-migrantC5 is nowabout
40-50 daysearlier than in 1971(late May-early
June vsmid-late July). In the Strait of Georgia,
the developmental cycle is about 25-30 days
earlier (early May vsearly June). The variability
in timing is coincident with warming trends bbth
surface and over-wintering-depthdeep water in
both regions, and is likely to be ecologically
significant because it shifts relatively narrow
seasonal windows of maximum grazing pressame
10-50 micrometer prey, and of availability lafrge
copepoditesto upper ocean predators such as
sockeye salmon, herring and hake.

LARGE SCALE FORCING ON THENE PACIFIC MARINE
ENVIRONMENT
Nathan Mantua(Joint Institute for the Study of
the Atmosphereand Oceans, University of
Washington, Seattle, WA)

In this study | examine past variations in the
physical characteristics of the coastal waters of the
NE Pacific Ocean. | compareand contrast this
regional variability to that at the Pacific basin
scale, and also to known changes in coastal
marine ecosystems of the NE Pacific Ocean.

From a Pacific Basin scale perspective, a
restrospectiveanalysisidentifies a pair ofrelated
recurring patterns: one associated with the
preferentiallyinterannual EI Nifio/SouthernOscil-
lation (ENSO) cycle, and the otherelatedto the
lower frequency Pacific Decadal Oscillation
(PDO).

Several recent studidsave identified temporal
coherencebetweenvariationsin some NE Pacific
marine ecosystems and the PDO. However, the
time history of thePDO is notalwaysin lock-step
with  known indicators for Pacific marine
ecosystems, nor with the coastal marine
environment of the NE Pacific.

By adopting an analysis strategy based on a
regional perspective, | identify the large-scale
climate patternsthat contribute most strongly to
variations in the coastal marine environmentioé
NE Pacific Ocean.

| conclude with a discussion of the 1997
spring/summetarge scale climate conditions that
have contributed to thdevelopmentof anomalous
conditions in thecoastaloceanand ecosystemof
the NE Pacific.

NORMAL MODE ANALYSIS OF DYNAMIC HEIGHT IN
THE GULF OF ALASKA
Heather D. Hunt and David L. Musrave
(University of Alaska, FairbanksAK; H. Hunt



now at Woods Hol®ceanographiclnstitution,
Woods Hole, MA)

The seasonal cycle of dynamic height, its
relationshipto seasonalwind stresscurl, and the
propagation of interannual dynamic height
anomaliesin the Gulf of Alaska are described
using STD/XBT-derived dynamic height and
COADS wind stresslata for the period1968-1990.
Singular Value Decomposition analysis of the
seasonal dynamic height and wind stress curl fields
resulted in a first mode, thabntained71% ofthe
total seasonalvariance,with spatial and temporal
characteristics consistent with Ekman pumping
dynamics. Complex Empirical Orthogonal Func-
tion analysis was applied to dynamic height
anomalies(seasonalmeanremoved)yielding four
physically significant modes. These four modes
represented cyclonic shift from low to high
dynamic height during the 1970's to thé980's,
northwest-southeasmotion that intensified and
then diminished gyre circulation, large-scale
westwarddiversion of flow that cycles every 6-7
years, and a 3-4 year peritdchvelling wave in the
Alaska Current and the Alaska Stream.
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ABSOLUTE GEOSTROPHICFLOW IN THE CALIFORNIA
CURRENT OFF SOUTHERN CALIFORNIA USING ADCP
REFERENCEDHYDROGRAPHY
Alana M. Althaus and TeK. Chereskin(Scripps
Institution of Oceanography, La Jolla, CA)

Direct velocity observations from shipboard
acoustic Doppler current profiler (ADCP)easure-
ments have beenbtainedon hydrographiccruises
made by the California Cooperative Oceanic
FisheriesInvestigations(CalCOFI) since October
1993. We use the hydrographic aABCP observ-
ations, together with an objective analysi®thod,
to map the absolute geostrophic flow at theface
and at 500 m for asequenceof the CalCOFI

quarterly cruises, from October 198 April 1996.

We find that there is significant flow at 500, the

traditional level of no motion imposed by the

maximum depth of CalCOFI hydrographic
sampling. The pattern of flow at 500 m is

generally coherent with the surface flow fieldhe

absolute surface geostrophicflow is on average
about 35% larger than would be obtainessuming
a level of no motion at 500 m.

SOME UPWELLING CHARACTERISTICS OFF SENEGAL
(WESTAFRICA)
Bassirou Diaw (College of Oceanic and
Atmospheric Science§regon StatdJniversity,
Corvallis, OR)

As in othereasternboundariesunder theinfluence
of the trade winds, a dominant future along the
Northwest African continent is coastal upwelling of
cool and nutrient-rich subsurface water, which
causeshigh biological productivity on the shelf.
The average width of the shelf off Northwest
Africa, betweenthe Strait of Gibraltar and Cap-
Vert Peninsula(Senegal), is about 50 to 60 km.
Off senegal, the wind-driven upwelling can be
modified by the shelf topography.

The Cap-Vert peninsula divides the coast in
north part(Grande Cote) and south part(Petite
Cote) having different hydrodynamic behavior.
Becauseof a different orientation of the coastline
in both side, upwelling intensity will differ ithese
two areas. During periods of weak trade-wind
intensity, the upwelling is weaker north of
peninsula than souttburing periodsof high trade-
wind intensity, similar upwelling intensities are
observedin the twoareas.North, the upwelling is
trapped next to the coast; south, the upwelling is at
the shelf margin and is stronger and longer in
duration.

We calculate some upwelling characteristics
north and south ofCap-Vert peninsula (Ekman
transport, surface and vertical velocities, and
coastal upwelling index), to compare the noatid
the south part of the coast.

We use winddata and sea surfacetemperature
of the period 1993 to 1995, from theoastal
stationsof Yoff (in the northpart) and Mbour(in
the south part). We wuselso current and
temperature data from Aanderaa moorings off
Mbour for the same period. We presentsome
spectral characteristics of the data.

DESIGN OF A COASTAL OCEAN LAGRANGIAN
(COOL) H.oAT
D. Hebert, M. Prater, J. Fontaine, J. Rajamony
and H.T. Rossby (Graduate School @fceano-
graphy, University of Rhode Island, Narra-
gansett, RI)

With the supporof the Office ofNaval Research,
a CoOastal Ocean Lagrangian (COOL) float is
being designed as a truly three-dimensional
Lagrangianfollower of water parcels. It incorp-
orates the features of the isopycnal fimt which
can changeits volume (density) and an isobaric
vertical current meter (VCM) float. Watdlowing
vertically past the vanes on the VCM floatstates
it. Measuringthe rotation rate of the float would
provide a measure of the vertical velocity.
Likewise, vaneson the COOL float wouldotate



the float. However, the isopycnal COOL float
would respond todiapycnal velocities past it
instead of vertical velocities.

Although VCMs have been previously devel-
oped anddeployed, not much was knowrabout
how the geometryof the vanes affects the float's
responseto vertical velocity. From tank studies,
we determined that the sensitivity (i.e., ttagio of
the float's rotation ratéo vertical velocity pastit)
increasedwith decreasingdistance of the vanes
from the body ofthe float anddecreasingangle of
the vanesto the horizon. In the tanistudies, the
minimum vertical velocity with which webtained
reliable results was approximately 0.5 cm/s.

We will presentresults from a recent test
cruise. Both isobaric and isopycnal floats were
used. The use of théloat's VOCHA (volume
changer) and pressuresensorallows us to deter-
mine the sensitivity at small vertical velocities.
We will also presentthe float's responsein the
presence of an internal wavefield.

OBSERVATIONS OF HIGH FREQUENCY INTERNAL

WAVES OFF OFMISSIONBEACH, CA
JamesLerczak, Myrl Hendershottand Clinton
Winant (Scripps Institutiorf Oceanographyl.a
Jolla, CA)

Data from a coherentarray of moorings indepths
ranging from 15 to 30 m oféf Mission Beach, CA
are used to study thbehavior of high frequency
internal waves. The arrayconsisted of bottom-
mounted ADCP's andtemperatureloggers strung
along the mooring line. Inaddtion, CTD yoyo's
were conductedto obtain stratification data. The
data are consistentwith predominantlymode one
waves propagating onshore with nearly normal
anglesof incidence. The high frequencyinternal
wave signal is intermittenthut does notappearto
be coupled to the surface tideRacketsof internal

waves observed at the farthest offshore mooring are

linearly propagatedonshore using WKB theory.
Comparisonsare made with data from the inshore
moorings to obtain dissipation and angle of

incidence estimates for the packets.

SEASONAL VARIABILITY OF THE NORTH PACIFIC
EASTERN BOUNDARY CURRENTSSYSTEM BASED ON
CLIMATOLOGICAL DATA AND THE PRINCETON
OCEAN MODEL
Grigory Monterey (JIMAR, University of
Hawaii, Honolulu, HI; presently at PFEG/-
NMFS/NOAA, Pacific Grove, CA)

The Princeton Ocean Model (POMjas originally
developedfor high resolution coastal applications
and later extendedto regional scale. It has been
proven to perform well inareas over steep
continental slope and to approach equilibrium
solution (mid latitudes) in 7-10 days ofsimulated

(not CPU) time. Present implementationfds the
North Pacific from 10°-62° N with 1° x 1°spatial
resolution. This resolution is not adequatein
coastal areas and h#s be increased. The model
is run on a Silicon Graphics workstation. Its
spatial resolutionis limited by currently available
Random Access Memory. The POM is run in
diagnostic mode, i.e., with forcing fieldseld fixed
in time, and solvesfor the velocity field which is
in dynamic equilibrium with forcing fields. The
model is run 12times forced by monthly mean
fields to simulate velocity fields for every month.
Model input includes bottom topography and
climatological monthly mean surfacewind stress
and subsurfacetemperatureand salinity. Output
includesvertically integratedtransportand three-
dimensionalvelocity field. Visualization of input
and outputdatais basedon graphical application
languageFerret, which has zoom andanimation
capabilities and is compatible with Liv&ccessto
Climatic Data via Internet. Preliminary results
show that Eastern Boundary Currents (EBC) amne
integral part of theregional scale circulation, and
are controlled by regional rather th&tal forcing.
In winter theregional scale gyres including EBC
appear to be more energetic than in summer.

DIURNAL SURFACE CURRENT FLUCTUATIONS IN

MONTEREY BAY FORM CODAR-TYPE HF RADAR
Jeffrey D. Paduan, Leslie K. Rosenfeld, and
Michael S. CookDept. of OceanographyNaval
Postgraduate School, Monterey, CA)

Diurnal-period surface current fluctuations in the
coastal waters of Monterey Bay are described
based on measurementsfrom a network of
CODAR-type HF radarsites. Emphasisis placed
on the summer-timeconditions when diurnal sea
breezeforcing dominatesthe nearsurface (~1m)
HF radar measurementsThe amplitude of diurnal
current variations (~20 cm/3% comparableto the
strongest portions of the background circulation
within Monterey Bay. Peak currentsare directed
onshore in the early afternoon immediately
following onset of sea breeze forcing. Closer to
shore, surface currentsrotate clockwise out from
under the windforcing, and the entire diurnal
surface current response decays offshore ous
km, similar to the observedoff-shorelimit of sea
breeze forcing. Mooring data show that the depth
extent of the wind-forceddiurnal fluctuations is
limited to the upper fewmeters of the water
column. Tidal analysesof month-longtime series
reveal different spatial patterns for the diurnal
surface currents, which are dominated wind
forcing, versus thesemidiurnal surface currents,
which are dominated by internal tides and the
complicated local bathymetry.



